Abstract: Purpose of the work was to quantify the workloads and the neurologist's commitment in ER, to verify the management of urgencies and appropriateness of neurological counseling requests. Neurologic emergencies are frequent in elderly patients and are associated with high morbidity and mortality. Due to the aging population, neurologic pathologies in emergency room (ER) are widely expected to increase. The role of the neurologist in this context is controversial. Methods: in 14 operative units of neurology a prospective collection of neurological evaluations in ER was carried out using boards of detection of the most frequent neurological clinical pictures seen in the course of a week. Data were collected from 738 cases. Attention was focused on cerebrovascular diseases (CVD), impairment of consciousness, epilepsy, headache, dizziness, head trauma and disorders of the peripheral nervous system (PNS). Achievements: neurological consultations were on average 5% of total accesses to ER. The most common pathology seen was ischemic stroke. After counseling most patients were discharged home. The CVD required the greatest commitment to the specialist. The usefulness of the specialized neurological "filter" has been confirmed in a non-simple operative context, aimed at optimizing the appropriateness of the hospitalization and the economy of the diagnostic path.
Introduction
Given an aging population, the care of the elderly patient in the emergency room (ER) is becoming increasingly common [1] . Neurologic emergencies are frequent in elderly patients and are associated with high morbidity and mortality. In this context distinguished symptoms related to internal medical conditions from those of neurological diseases are often really challenging. A recent published report showed that the presence of a neurologist in ER reduced the length of stay, brain imaging number and hospital admission rate for neurologic patients [2] ; however other older reports showed contradictory results concerning hospitalization rate for patients receiving specialist consultation, the use of advanced imaging and length of stay [3] . Commonly neurological emergency situations are reported mainly in the context of CVD, head trauma and seizures, conditions that may present high mortality and costs arising from acute management and long-term care. In many of these conditions is crucial for the good patient outcome that therapy is initiated rapidly [4, 5] . As underlined by current guidelines the presence of neurologists in the ER is of highest importance [6, 7] . A recent paper has underlined that the ER is a high-risk site for diagnostic errors and sought to estimate ER diagnostic accuracy for identifying acute cerebrovascular events [8] . A nationwide survey performed in Italy [9] in 2003 provided useful information concerning the burden of neurological acute diseases and the role of neurologists in ER, obtaining data similar to those from other European countries [6, 7, 9] and suggesting the careful attention of healthcare administrators; in this survey CVD was the main cause of neurological consultations (27%), followed by headache (22%), dizziness (13%), head trauma (13%), impairment of consciousness (12%) and epilepsy (9%). In order to assess the current role of the neurologist in ER we undertook a prospective multicenter study involving territorial hospitals of Lombardia. The aim of this study was to evaluate the profile of patients referred to ER, to quantify workloads and commitment of the neurologist in this context, to document the usefulness of the specialized "filter" for the percentage and appropriateness of the hospitalization, to compare the initial diagnosis of the requesting physician with the diagnosis at discharge and to verify the contents of the demand for neurological performance in order to identify and propose indicators of appropriateness and quality.
Materials and Methods
The study was conducted in 14 hospitals located in Lombardia, a region in north-west of Italy during last months of 2017 and first months of 2018. These hospitals are representative of the whole territory being some located in large urban centers and others in rural and mountain areas. All the hospitals had a neurological department with on-duty and on-call neurologists and hospital settings showed the presence of intensive care, emergency medicine wards or departments and Stroke Unit. All about 4 centers had a neurosurgical department. In every hospital a referent neurologist was identified.
All consecutive patients who presented in a week in the ER of these hospitals suspected of suffering neurological diseases were evaluated. We considered as activity indicators the number of patients admitted to ER, the neurological ER consultations and the investigations performed in ER. Information concerning modalities of presentation to ER, the type of event, the presence of various risk factors, the diagnostic workup and the treatments was anonymously collected according to low current privacy. The number of admissions, the confirmation of the diagnosis at admission, and the discrepancies between diagnosis at acceptance and at discharge after neurological consultation were considered.
ER discharge diagnoses were categorized into 8 subgroups: CVD, impairment of consciousness, epilepsy, headache, dizziness, head trauma, peripheral nervous disease (PND) and others. This classification was made according to previous reports that attributed to these diseases the greatest number of accesses in ER [7] . Given the absolute prevalence of cerebrovascular pathology compared to other conditions a pathology-focused analysis was subsequently conducted in the same hospitals among consultations called from the ED for CVD during thirty consecutive days. Twelve hospitals participated in this survey. We additionally reviewed the total number of patients referred to all ER during the study period and the total number of patients seen during one year in each ER.
Continuous variables were treated with descriptive statistics, using mean and standard deviations. Comparative analysis was performed using ANOVA and chi-square test, and p-values < 0.05 were considered to be statistically significant.
Results
In the hospitals involved in this survey the number of patients referred to ER was between 60,000 and 67,000 cases/year with a mean number of neurological consultation of 3,250/year. From these data it appears that neurological consultation is requested in about 5% of patients referred to ER.
The weekly sampling carried out by the 14 centers allowed evaluating 738 incident cases, 352 female and 386 males, mean age 75.2 yrs (52% male).
A mean of 53 neurologic consultations/week were obtained for each center (8 consultations/day).
CVD was confirmed to be the most frequently encountered condition among neurological emergencies, with a frequency of 27% (Fig. 1) , the same reported at the time from the first national epidemiological survey of the project NEU [9] .
Unlike cerebrovascular pathology, headache, dizziness and head trauma were represented to a lesser extent than in the previous survey mentioned above, respectively 11% and 8%. Over 60% of cases were reported to the ER through the Territorial System of Emergency Urgency (AREU). Subsequently to the Triage and after evaluation of the emergentist in ER incoming patients suspected of suffering neurological diseases were immediately seen by a neurologist, and emergency therapy was initiated with minimum time delay when needed, expecially in case of CVD. The examinations required in ER were: a number of 472 brain CT scan (64% of cases), a number 73 electroencephalogram (10%), 24 Carotid Ultrasound Duplex (CUD) (3.2%), a number of 13 CT angiography (1.8%), a number of 21 others (2.8%) (Fig. 2) .
After the evaluation of the neurologist 28% of patients were hospitalized and 72% discharged home (Fig. 3) .
The total number of admission was of 207 patients. The percentage of home discharges was highest in patients with peripheral nerve palsies (97%), migraine and other headaches (96%), and trauma (93%). A different diagnostic approach between emergentist and neurologist was seen in the evaluation of patients with headache; the emergentist performed a CT brain scan in 99% of the cases; after neurological consultation a CT angiogram or a brain MRI was further performed in order to exclude a symptomatic headache.
Stroke was the most common source of emergency admission to the Neurological Unit (NU), 89% of cases, followed by 14% of patients with impairment of consciousness and 8% of cases with head trauma (Fig. 4) .
On this line and on the basis of what is already reported in the literature, given the absolute prevalence of cerebrovascular pathology compared to other conditions, a pathology-focused analysis about patients referred to ER with CVD during thirty days was conducted.
A number of 686 cases with suspected CVD were collected in this 30-day analysis; among this group 576 patients (84%) were hospitalized and 110 (16%) discharged from ER after neurological evaluation. Moreover 102 subjects (15%) discharged from the ER had different diagnosis from the initial one of suspected CVD.
Then considering that in the group of patients dismissed after hospitalization 31 patients (4.5%) were discharged with a diagnosis other than that of CVD, the number of patients with stroke mimics increased to a total of 133 cases (19.5%).
The confirmation of a cerebrovascular event revealed ischemic stroke in 343 cases (63%), Transient Ischemic Attack (TIA) in 125 (23%) and cerebral hemorrhage in 77 cases (14%).
Intravenous thrombolysis was performed in 24% of cases, on average in the most severe cases: in 40 patients (49%) with NIHSS between 8 and 14, in 13 cases (16%) with NIHSS < 7 and in 29 patients with NIHSS >15 (35%) at the ER admission. Mechanical thrombectomy was performed in 27 patients.
All patients encoded as ischemic stroke performed a basal brain CT and 65% of patients undergoing thrombolytic therapy underwent a CT angiography or a MR angiography.
A number of 50 patients diagnosed with TIA were started in ordinary hospitalization for further investigation. Comparing the diagnostic accuracy of emergentist and neurologist in patients with CVD results in that the role of the neurologist improves the diagnostic definitions of these cases, mainly for patients with TIA (p < 0.05). Fig. 5 shows the diagnostic confirmation of cerebrovascular pathology after the neurological evaluation. The average time devoted by the neurologist to consultations of each patient varied from 20 minutes to 180 minutes (predominantly for patients with CVD). Considering a mean of 8 consultations/day of whom a third dedicated to patients with CVD the average length of neurology consultations in the ED resulted in about 6 hours/day.
Patients with Ischemic Stroke compared to the other acute vascular events required an evaluation/observation time about twice (1.12 h vs. 0.65 h, p < 0.001 Anova).
In addition, patients undergoing thrombolysis treatments/thrombectomy required an even longer observation/evaluation time compared to patients not undergoing any procedure (2.34 h vs. 0.81 h, p < 0.001 Anova). 
Discussion
Neurological urgencies represent a grouping of conditions and diseases, many of which are burdened by high mortality and outcomes often disabling, as in the case of stroke, and others characterized by evolution and prognosis related to the timeliness of diagnosis and treatment, as in the case of seizures, secondary headaches and other acute phenomena [6] .
Furthermore elderly patients often have more pathologies and the neurologist has a preminent role in guiding the diagnosis in complicated patients. Several studies document the inappropriateness of many consultations provided in urgency for patients with diseases of the nervous system [10, 11] , highlighting the need for a more rational organization and greater appropriateness in diagnostic assessments. Compared to previous work, our report has documented a reduction in neurological counseling for vertigo, head trauma and headaches, and this is probably due to the adoption of management protocols in the ER or to a better outpatient organization for these diseases. The high number of patients arrived with the AREU system documents that it has been effective to discourage the self-presentation of patients in the ER, even if these results can be further improved. The development of medical imaging, together with new possibilities for therapeutic intervention has in recent years changed the approach to Neurologic emergencies, mainly for time-dependent pathology, conferring to the neurologist a prominent role in the diagnosis and treatment activity within ER [12] [13] [14] . This manuscript emphasizes the dual role of the neurologist in ER, first of all in the management of urgency, being mainly involved in cerebrovascular pathology. In this case the specialist is to be considered-in particular for CVD, but also for headaches and epilepsy-the Case-manager responsible for the entire diagnostic and therapeutic path during the stay in ER. His role also in differential diagnosis (19% stroke mimics) must be considered. The time needed to manage the cerebrovascular patient in urgency is often particularly high, so the number of consultations (8/day) does not adequately represent the time spent in ER. In addition, the neurologist plays an important role in dismissing patients (72% of patients were discharged home) and is useful to define a diagnostic workup that will be subsequently continued on an outpatient basis. In the absence of the neurologist, the percentage of wrong diagnoses for cases with pathology of specialist expertise is high, with diagnosis "false positive" in 37.3% and "false negative" in 36.6%, respectively [10, 15] . Most recent publications have shown how the management process of care by the neurologist allows the reduction of the costs of benefits, as well as increased appropriateness and efficiency of the process of care even in the medium and long-term evaluation of clinical indicators [16] . Over the past 10 years in particular, the absorption of resources by the area of emergency has grown exponentially, for the increasing development of the techniques of neurodiagnostic, for the progress of therapeutic interventions and for a better organization of care for the critically ill patient [17] . The competence of the neurologist has come to integrate into welfare action with neurovascular intervention on the one hand and with the other neurointensive activity, creating the new profile to a specialist with expertise and cooperations in all fields, defined by the term neurohospitalist, an operator with proven experience in managing not only cerebrovascular diseases but also all the neurological disorders that occur at ER, including cases requiring intensive care [18, 19] . With this in mind, the American Academy of Neurology (AAN) has organized courses and found resources to organize training courses for the issuance of a specific certification in "critical care and emergency neurology" [20, 21] . When evaluating neurological patients in ER it should be considered an expert triage system to evaluate patients in self-presentation; the operating context is often difficult due to various different clinical emergency situations; clinical evaluation may be difficult in non-syndromic pictures, often with isolated symptoms and associated to high costs for test often normal or negative. Various contributions allowed proposing and validating organizational models of emergency neurology, also proposing the possible indicators of quality and appropriateness [21, 22] .
Conclusion
The 
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